Abstract
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT

Introduction
21
Many natural products are known to influence the development of skin structures and its 
25
In this study, we first examined the protective effect of CP on UVB-induced wrinkle 26 formation in hairless mice, then we showed gene expression profiles using RNA sequencing 27 analysis in comparison with several other well-known food materials used to modify skin health 
Results
4
Oral administration of CP reduces UVB-induced wrinkle formation and prevents UVB-5 induced collagen degradation 6 To investigate the effect of CP on wrinkle formation, the dorsal skins of hairless mice 7 were exposed to UVB with low and high concentrations of CP (CL, 39.1 mg/kg, CH, 156.3 8 mg/kg) and pycnogenol (Pyc, 625 mg/kg) for 8 weeks as described (Fig. 1A) . UVB-induced 9 wrinkle formation was markedly reduced in the CP-administered groups ( (Fig. 1D ) confirmed a significant decrease in wrinkle formation in the CP groups.
12
We then stained the skin samples of the mice with Masson's trichrome staining to observe the 13 effect of CP on amorphous collagens of the skin (Fig. 1E) . Collagen levels gradually recovered in 14 the CP groups to an extent greater than the UVB-irradiated group (Fig. 1E, Supplement figure 1 ).
15
The physical aesthetics of the CP groups were similar or superior to those of the pycnogenol- To identify genes associated with the UVB-protective effect of CP supplementation in 22 skin, we systematically analyzed the transcriptome from the mice exposed to UVB-irradiation 23 and/or administrated with CP and pycnogenol. The heat map of differentially expressed genes 24 (DEGs) in the UVB-irradiated mice indicated that 788 genes were up-or down-regulated by at 25 least one concentration of CP supplementation (Fig. 1F) . Among the 788 DEGs, 156 genes were 26 up-regulated by UVB compared to control and down-regulated by CH compared to UVB-IR 27 (Fig. 1G) ; and 199 genes were down-regulated by UVB-IR compared to the controls and up- . Furthermore, CP administration shows more impact on transcriptomic recovery than the 2 recovery induced by Pycnogenol (Fig. 1G and 1H ), suggesting that CP may be a more potent 3 anti-photoaging agent than Pycnogenol.
5
Expression patterns of genes associated with anti-photoaging 6 To further characterize gene expression patterns, we identified the genes associated with 7 anti-photoaging effects using the related gene ontology (GO) terms including Extracellular 8 Matrix Disassembly (Fig. 2A) , Cell Adhesion (Fig. 2B) , Lipid Metabolic Process (Fig. 2C) Fig. 2A) . CP significantly diminished UVB-induced cathepsin G
15
(Ctsg) expression. Interestingly, the effect of CP on these expression patterns was more 16 significant than that of pycnogenol (Fig. 3A) . Among the various serpin b6 genes, CP 17 supplementation specifically enhanced the expression of serpin b6c (Fig. 3B) . These findings 4A and 4B). Furthermore, CP inhibited UVB-induced AP-1 transactivation (Fig. 4C) . These 5 inhibitory effects arose within a concentration range that did not significantly affect cell viability 6 in the presence of UVB irradiation (Fig 4D) . These results suggest that CP may downregulate daily dose of UV on earth is 100~200 J/cm 2 and average ratio of UVA/UVB is 27. transcriptome may imply the existence of signature molecules to regulate UV-induced skin aging.
21
Of particular note, cathepsin G was significantly inhibited whereas serpin b6c was upregulated in with UVB using both 2-fold criteria and P<0.05 value cut-offs obtained from student's t-test. We 7 then amalgamated the two DEG groups (in CL-and CH-fed mice) into CP-mediated DEGs. 
GRN analysis
We constructed the CP-mediated skin response GRN by retrieving a reliable human composed of two isolated connected components ( Fig. 3C and 3D ). To determine the severity of wrinkling, each hairless mouse was anesthetized and their 11 UVB-exposed dorsal skin (wrinkle formation area) was photographed. 
